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Abstract. In two-step deposition technique of laser surface alloying process, the alloying  
elements are introduced onto the surface of the bulk material. In such process, two main 
parameters determine the quality of the alloying which are the thickness of the coating and the 
laser energy supplied onto the specimen. In this work, laser surface alloying of aluminium (Al) 
with iron (Fe) is carried out by optimizing both parameters. This is accomplished by assessing 
the improvement in the hardness after laser treatment. In general, the thicker coating desires 
higher laser energy to cause surface melting and sequentially diffusion of Fe into molten Al to 
occur. This is indicated by the linear relationship between the thicknesses for the peak hardness 
value with the laser energy whereby the optimum energy shifted to higher energy for thicker 
coating. The increase in laser energy increases the chance for Fe particle to migrate via diffusion 
into the bulk Al substrate. However at 140µm the optimized energy reaches a peak value at 
455mJ which is the maximum energy to be supplied in this process before the coating is lost due 
to excessive ablation. For thicker coatings, the action of the laser does not penetrate enough onto 
the substrate to cause sufficient melting of the Al surface for alloy formation. The maximum 
hardness obtained was 40.8 HV at the optimum condition for 140µm thickness treated with 455 
mJ. The formation of alloyed compound is further confirmed by x-ray diffraction technique 
whereby compounds such as AlFe, Al13Fe4, and AlFe6Si are present in the treated specimens. 
1.  Introduction 
Laser surface alloying is one of the surface modification techniques in which high power density laser 
was exploited to melt metal surface as well as the alloyed element together to form a thin layer of surface 
alloy [1]. In such process, the alloying species normally introduced into the surface of the bulk material 
either by simultaneous injection of the alloying species (in the form of powder or wire) into laser melted 
surface layer during the treatment or by precoating the alloying element on the surface before the laser 
treatment. The later have more advantages as it provides total control on the composition of the alloyed 
layer [2]. The composition of the alloying species can be controlled by varying the mixing ratio of the 
different alloying elements. Aluminium (Al) has wide application in industrial due to its light weight 
and formability [3, 4-5]. However it has weakness in term of corrosion, wear resistance and less 
hardness. These attract more research in this area in order to increases its mechanical properties. Many 
researches tend towards the application of higher power and continuous laser operation [6-10]. However 
less attention has been paid to deploy Q-switched laser for laser surface alloying. The Q-switched 
